Hemangioblastomas of the central nervous system (CNS) are benign tumors that most commonly occur in the cerebellum, followed by the brainstem and spinal cord. 1 Supratentorial location is extremely rare. 2 CNS hemangioblastomas can occur sporadically or in association with von Hippel-Lindau disease. 2 Histologically, the tumors are composed of two main components: large and vacuolated stromal cells and numerous thinwalled vessels. Due to the characteristic lipid-containing cytoplasm and foci of pleomorphic nuclei, the differential diagnosis of hemangioblastoma from some other malignant tumors, such as clear cell renal cell carcinoma (RCC), adrenal cortical carcinoma and paraganglioma, remains challenging, especially in cellular variants. Hyaline globules can be found in many different tumors and benign tissues, 3 including CNS hemangioblastomas, and they contribute to the diagnostic difficulty. Herein, we report a case of sporadic supratentorial hemangioblastoma with unusual features and discuss the differential diagnosis of CNS hemangioblastoma.
CASE REPORT
A previously healthy 48-year-old female had developed weakness on the right side and clumsiness in the hands three weeks before admission. At an outside hospital, brain magnetic resonance imaging revealed a heterogeneously enhancing left frontal lobe mass measuring 3.3×2.6 cm (Fig. 1) . The mass contained a cystic or necrotic component, and the radiologic differential diagnosis included metastasis and high-grade glioma. A craniotomy was performed, and the tumor was resected. During surgery, abnormal vascular structures both inside and around the tumor were found. Upon gross examination, the tumor was a soft and friable yellow mass.
Microscopically, the tumor was well delineated from the surrounding brain parenchyma and characterized by an abundant arborizing capillary network and sheets of pleomorphic polygonal cells (Fig. 2A) . The nuclear morphology of the tumor cells was variable: single or multiple (up to 10), round to elongated, dark or vesicular, pleomorphic or bizarre nuclei with often multiple or single prominent nucleoli, and frequent intranuclear cytoplasmic inclusions. The cytoplasm was abundant and eosinophilic or clear and occasionally uni-or multi-vacuolated (Fig.  2B ). Tumor cells with eccentrically located nuclei and glassy cytoplasm were also identified. Neither necrosis nor mitotic activity was seen. Numerous extracellular and intracytoplasmic hyaline globules were observed (Fig. 2C) . The presence of pleomorphic, vacuolated clear cells and hyaline globules raised the suspicion of metastatic tumors including RCC, adrenal cortical carcinoma and hemangioblastoma.
Immunohistochemical staining was done using the Leica BondMax automatic stainer. Antibodies used included the markers of RCC (EMA, 1:300, Dako, Glostrup, Denmark; pancytokeratin, 1:500, Dako; vimentin, 1:2,000, Dako; CD10, 1:250, Novocastra, Newcastle upon Tyne, UK; PAX2, 1:100, Invitrogen, Carlsbad, CA, USA; CA IX, 1:1,000, Abcam, Burlinggame, CA, USA), of adrenal tumors (α-inhibin, 1:40, Serotec, Oxford, UK; Melan-A, 1:80, Dako) and of hemangioblastoma (D2-40, 1:100, Dako). The tumor cells diffusely expressed vimentin and CD10, and they focally expressed S-100, α-inhibin, CA IX, and D2-40 (Fig. 3) . Melan-A and EMA-positive cells were identi-fied. AE1/AE (1:500, Dako), glial fibrillary acidic protein (1:400, Novocastra), synaptophysin (1:100, Dako), and chromogranin (1:400, Dako) were negative. Tumor cells were reactive for p53 (1:10,000, Invitrogen), and the Ki-67 labeling index (LI) was 12.2%. Since immunohistochemical findings of the tumor shared characteristics of both RCC and hemangioblastoma, electron microscopy was performed on the paraffin-embedded tumor tissue. Ultrastructurally, the cytoplasm of the tumor cells contained abundant bundles of microfilaments, occasional lipid droplets, some rough endoplasmic reticulum (RERs), and glycogen particles. The histopathologic, immunohistochemical and ultrastructural findings were compatible with a diagnosis of supratentorial hemangioblastoma. To rule out the possibility of von Hippel-Lindau disease, abdominal computed tomography (CT) was performed along with a family history check. Bilateral kidneys showed up normal on the abdominal CT, and the family history was not significant for any relevant diseases.
DISCUSSION
A rare case of supratentorial cellular hemangioblastoma with hyaline globules was described. Diagnostic difficulty was experienced in this case because the tumor occurred in a rare site and showed unusual histopathologic findings. The incidence of sporadic supratentorial hemangioblastoma has not yet been described. However, in von Hippel-Lindau disease, the incidence of a supratentorial location has been reported to range from 1%-11%. 2 The unusual histopathologic findings included marked nuclear pleomorphism, uni-and multi-vacuolated cells resembling lipoblasts and abundant hyaline globules. Other unusual findings included expression of CD10 and p53 and a relatively high Ki-67 LI. The stromal cells of hemangioblastoma typically have foamy or vacuolated cytoplasm, which was sparse in our case. The vacuoles were larger than those in typical hemangioblastomas. Hyaline globules are also not common in hemangioblastoma. The Ki-67 LI tends to be low, in the range of 0%-2%, but 8.2% was previously reported in a cellular variant with marked pleomorphism. 4 The relatively high Ki-67 LI (12.2%) of this case suggests the diagnosis of a cellular variant of heman- giobla stoma. p53 immunostaining has been examined in only six cases of hemangioblastoma, all of which were negative. 5 The clinical significance of p53 expression in this case remains unclear.
Distinguishing between hemangioblastoma and metastatic RCC in the CNS based on morphology can be quite difficult. CD10 and α-inhibin have been useful markers for the differential diagnosis. The marker α-inhibin, which has previously been helpful in the differential diagnosis of RCC from adrenal cortical tumors, is a sensitive and specific marker for the stromal cells of hemangioblastoma. The majority of RCC is CD10-positive, whereas hemangioblastomas are negative. However, a recent study by Rivera et al. 6 demonstrated a weak positivity for CD10 in 2 out of 15 hemangioblastomas, consequently proposing the combination of α-inhibin and PAX-2 to be the most useful markers to differentiate RCC from hemangioblastoma. RCC shows a positive immunoreaction for PAX-2 but a negative immunoreaction for α-inhibin, whereas the immunoreac- tivity of hemangioblastoma displays the opposite. The results of immunostaining in the present case (α-inhibin +, PAX-2 -) are compatible with hemangioblastoma. Other differential diagnoses include metastatic adrenal cortical carcinoma, paraganglioma, pleomorphic round cell tumor and also primary brain tumor. Immunohistochemical studies and histologic findings can help to distinguish hemangioblastoma from these other lesions. Ultrastructurally, the stromal cells of hemangioblastoma share fine features with endothelial cells and pericytes, such as micropinocytic vesicles, lots of microfilaments, hemidesmosomes, basement membranes, and Weibel-Palade bodies. Shimura et al. 7 reported that most stromal cells of hemangioblastoma have abundant clear cytoplasm containing RER, mitochondria, scattered fibrils, and large lipid inclusions. These ultrastructural features were also identified in our case, in addition to abundant microfilaments.
The origin of the stromal cells of hemangioblastoma is still controversial. In one study, the cells showed no significant staining for endothelial, epithelial, neural, pericytic, or endocrine immunohistochemical markers. 8 Hyaline globules can be observed in both tumors and benign tissues. Papadimitriou et al. 3 proposed a model for the formation of hyaline globules in relation to apoptosis. Hyaline globules are more commonly associated with RCC, adrenal cortical carcinoma and paraganglioma than hemangioblastoma. They have been described in a minority of CNS hemangioblastomas 9 and sporadic renal hemangioblastomas. 10 In our case, most of the hyaline globules were extracellular, and only a few of the stromal cells had intracellular hyaline globules.
In conclusion, supratentorial hemangioblastoma is a rare benign neoplasm and should be distinguished from various other malignant tumors, which have similar morphologies.
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